vessels. It seems likely that restriction of MA-EBOV infection to endothelial and Kupffer cells in resistant mice prevents the induction of hepatocytespecific molecules that enhance systemic inflammation, thrombocytopenia, and coagulopathy.
We investigated the genomes and found that the Tie1 alleles across the eight CC founders are from all three M. musculus subspecies and are highly divergent from one another (21) , which prevented us from identifying significant relationships between Tie1 alleles and phenotypes. In contrast, Tek alleles in the CC-RIX lines are derived from only two subspecies, M. m. domesticus and M. m. musculus, and are very different from one another. Distinct Tek alleles were previously associated with inflammatory coagulopathies and vascular dysfunction (22) (23) (24) (25) (26) . In our preliminary analysis, we identified statistically significant relationships between subspecific Tek alleles and the initial onset of weight loss [analysis of variance (ANOVA), F 2,31 = 5.581, P = 0.0085], average day of death (ANOVA, F 2,34 = 10.519, P = 0.00028), and mortality (ANOVA, F 2,37 = 8.5553, P = 0.0008) ( fig. S9 ).
We reproduced EHF in a mouse model that will allow the linkage of specific genetic polymorphisms to tropism, infectious virus production, cell type-specific responses, and phenotypic outcome. The CC model provides a platform to map susceptibility alleles in the context of EHF pathogenesis and rapidly apply these findings to the development of candidate therapeutics and vaccines. Ongoing screening activities in CC-RIX mice will identify additional genetic loci that contribute to hemorrhagic disease, lethality, or resistance to severe disease.
The frequency of different pathological manifestations across the 47 CC-RIX lines screened so far is similar in variety and proportion to the spectrum of clinical disease observed in patients with EVD in the 2014 West Africa outbreak, with hemorrhagic symptoms appearing in 30 to 50% of patients (27, 28) . Although we cannot rule out the possibility that human survivors have preexisting immunity to EBOV or a related virus, our data suggest that genetic factors play a significant role in determining disease outcome in naïve individuals without prior exposure or immunologic priming.
Although we have not yet screened CC-RIX mice for susceptibility to other ebolavirus species, we anticipate that we would observe a similar distribution of pathogenic phenotypes after infection with viruses that are capable of replicating in mice. The current 2014 West Africa outbreak is caused by the same species of ebolavirus as the MA-EBOV used in this screen. There are also similarities in the spectrum of disease observed in CC-RIX mice infected with MA-EBOV and in clinical cases in the current outbreak. The model described in this paper can be implemented promptly to identify genetic markers, conduct meticulous pathogenesis studies, and evaluate therapeutic strategies that have broad-spectrum antiviral activity against all Zaire ebolaviruses, including the virus responsible for the current West Africa outbreak. more than 9000 cases and 4000 fatalities have been reported, with the majority of both occurring in Liberia (2) . Initial Ebola symptoms include fever, malaise, myalgia, and headache, followed by pharyngitis, vomiting, diarrhea, and maculopapular rash (3). Severe and fatal stages are accompanied by hemorrhagic diathesis and multiple-organ dysfunction (3). Human-to-human transmission occurs primarily via contact with body fluids (3). Inadequate and improper use of personal protective equipment (PPE), compounded by staff shortages in isolation wards, poses major infection risks for health care workers (4, 5), leading to nosocomial transmission that can cripple health services (5). Ebola transmission is further exacerbated by traditional West African funeral practices that may involve washing, touching, and kissing the body (5-7). Given the current lack of licensed therapeutic treatments and vaccines (8) , near-term measures to curb transmission must rely on nonpharmaceutical interventions, including quarantine, case isolation, contact precautions, and sanitary burial practices that consist of disinfecting the cadaver before inclosure in a body bag that is further disinfected.
To evaluate the effectiveness of nonpharmaceutical interventions for curtailing the epidemic in Liberia, we developed a stochastic model of Ebola disease transmission that takes into account Ebola transmission within and between the community, hospitals, and funerals ( fig. S1 and supplementary materials, materials and methods, section S1). We parameterized our model using epidemiological data on disease progression and on delay from symptom onset to hospital admission obtained from the current outbreak in Liberia (table S1) (9), as well as using demographic data from the 2008 National Housing Census of Liberia (10) . In the absence of data on the number of infections due to funeral transmission for the current outbreak, we parameterized the elevated risk posed by funeral attendance using odds ratios calculated from data collected during a previous Ebola outbreak in the Democratic Republic of the Congo (11) . We tracked the density of individuals in the following epidemiological classes: susceptible (S), latently infected (E), infected and infectious (I), deceased (F), recovered with sterilizing immunity (R), and buried (D). To account for heterogeneity in contact and transmission between individuals in different locations, we further stratified each epidemiological class into compartments that correspond to foci of Ebola transmission: the general community, hospitals, and funerals. Hospitals were further stratified into patients and hospital workers. We parameterized hospital visitors per patient and rate of funeral attendance per death based on the number of family members in a Liberian household (10) .
To calibrate our model, we obtained data from Situation Reports provided by the Liberian Ministry of Health and Social Welfare (table S1) (12) . Outbreak control measures were not coordinated on a national scale in Liberia until 8 August 2014, when the Armed Forces of Liberia established checkpoints to restrict the movement from affected regions (13) . To avoid potential confounding of behavior change as a result of interventions, we used Ebola cases, deaths, health care worker infections, and hospitalizations from Liberia reported between 8 June and 7 August 2014 to calibrate our model ( Fig. 1 and supplementary  materials) . Given intervention assistance from the international community deployed on 20 September (14), we validated our model by comparing data between 8 August and 19 September to our model projection over that time period (Fig. 1) .
In our study, we evaluated whether four WHOrecommended nonpharmaceutical interventions can efficiently control the current Ebola epidemic: (i) transmission precautions for health care workers, (ii) sanitary burial, (iii) isolation of infectious Ebola patients, and (iv) contact-tracing with follow-up and quarantine. Under no intervention strategies, our model assumes a status quo that reflects the control measures in place before 20 September. In addition, we also assessed a fifth intervention, enforcement of a cordon sanitaire, implemented by Liberian authorities. We calculated the basic reproductive number (R 0 )-the average number of secondary cases generated by an average primary case in an entirely susceptible population (15)-and quantified the contribution of transmission arising from each of the community, hospital, and funeral settings.
We calculated R 0 for Ebola in Liberia to be 1.63 [95% confidence interval (CI), 1.59 to 1.66] before widespread interventions, which is consistent with other R 0 estimates for the current outbreak (16-18) but somewhat lower than those calculated for the previous outbreaks, which ranged between 1.8 and 2.7 (19) (20) (21) . Our model structure allowed us to partition the contribution of different transmission routes in sustaining the epidemic. We calculated that in the absence of nosocomial transmission, R 0 = 1.48 (1.44 to 1.51); without community transmission, R 0 = 1.39 (1.35 to 1.42); if only funeral transmission were present and both nosocomial and community transmission were eliminated, R 0 = 1. workers and increasing sanitary burial of hospital deaths, (E) 80% sanitary burial of hospitalized deaths with increasing sanitary burial of community deaths, and (F) 80% case isolation of hospitalized patients with concurrent contact-tracing and quarantine of infected contacts. One thousand simulations of the stochastic model were used to generate the cumulative case count error bars (95% prediction interval) and to estimate the probability of less than one new case per day. sion were present, R 0 = 0.93 (0.87 to 0.99). These results for R 0 imply that reducing transmission in hospitals and the community is insufficient to stem the exponentially growing epidemic. To stem Ebola transmission in Liberia, it is imperative to simultaneously restrict traditional burials, which are effectively serving as superspreader events (22, 23) .
The close agreement between the epidemiological data and the temporal trajectory of our model between 8 August and 19 September suggests that the cordon sanitaire and curfews implemented in that period (13) have had little impact on the exponential increase of Ebola before 19 September (Fig. 1) and may have even been detrimental considering the civil unrest that was fueled by these measures (24) . This result is underscored by our R 0 analysis that shows removal of community-based transmission only has a marginal impact on R 0 value.
Under the status quo scenario of no change in control measures from 20 September onward, our model predicts that the epidemic will continue to spread, generating a predicted 224 (134 to 358) daily cases by 1 December, 280 cases (184 to 441) by 15 December , and 348 cases (249 to 545) by 30 December. Reducing nosocomial transmission with the use of PPE is unquestionably fundamental to maintain medical infrastructure and to implement case isolation. Nevertheless, hospital-based measures alone, like community-based efforts alone, are insufficient to stem the Ebola outbreak in Liberia (Fig. 2, A to D) . Instead, these efforts must be combined with sanitary burial practices (Fig.  2E ) and ideally with contact-tracing (Fig. 2F ) in order to achieve a reasonable likelihood of epidemic control over the next 6 months. The potential for rapid control depends on the efficacies that can be achieved for each intervention. For example, the combination of case isolation, sanitary burials of hospital deaths, and reduction in nosocomial transmission, each applied with an efficacy of 95%, would reduce the number of daily cases in Liberia to a projected 24 (15 to 41) by 1 December, whereas combining case isolation with contact-tracing and quarantine, each with an efficacy of 90%, is predicted to reduce the number of daily cases in Liberia to 9 (5 to 23) by 1 December. A strategy that achieves efficacies of 60% for sanitary burial, case isolation, and contact-tracing combined could reduce the number of daily Ebola cases to 7 (2 to 13) by 1 December and to 0 (0 to 3) by 15 March in Liberia (Fig. 3) . Achieving efficacies in the region of 90% for any one intervention in Liberia would be challenging, if not unrealistic. Thus, combining all of the nonpharmaceutical approaches considered here offers the greatest promise for curtailing the epidemic.
To investigate the applicability of our nationalscale results to a more local scale, we fit our model to data from Montserrado County (12) . Here, too, our results show that swift control of the epidemic on a local level is only achievable through a combination of control strategies, which is consistent with our results on the national level ( fig. S3) .
Recent reports by WHO have suggested that cases in Liberia are underreported, although it is difficult to know by how much (25) . To evaluate the impact of underreporting on our results, we refit our model to account for a range of plausible underreporting. In addition, we considered the possibility that underreporting differs between community and hospital settings. When we recalculated intervention effectiveness using these new model fits ( fig. S2) , we found that underreporting would reduce our (Fig. 2D, blue line) ; (B) successful sanitary funeral of 90% hospital deaths and 50% community deaths, respectively; and (C) 90% successful hospital case isolation with concurrent contact-tracing and quarantine of 80% infected contacts. We varied the number of pre-outbreak health care workers [S W (0)], the incubation period (1/a), the duration from symptom onset to death if not hospitalized (1/γ DG ), the duration from symptom onset to recovery if not hospitalized (1/γ RG ), the duration between symptom onset and hospitalization (1/γ H ), the hospitalization rate per person for reasons other than Ebola (h), the duration of hospitalization for reasons other than Ebola (1/f HG ), the number of funeral attendees with close contact to the body (M F ), the number of hospital visitors per patient (M H ), the transmission rate at funerals relative to general community (w), the fraction of asymptomatic infections (1 -∈), and the hospital admission rate (q). For each parameter varied, we recalibrated and reran the model.
estimates of intervention effectiveness. For example, an underreporting rate of 20% predicts an average of 37 daily cases by 15 March compared with 8 daily cases for perfect reporting for the strategy of 80% case isolation as well as 50% contact-tracing and quarantining. Moreover, our results show that when only community cases are underreported ( fig. S2, D to F) , the effectiveness of nosocomial interventions is reduced ( fig. S2D ) because there is proportionally greater transmission within the community than observed. This possibility for lower effectiveness that arises when accounting for underreporting further argues for rapid application of diverse control interventions.
Underreporting might also manifest via asymptomatic infections, which have been observed in previous outbreaks (26) . Although there is considerable empirical uncertainty regarding the proportion of infections that are asymptomatic, our sensitivity analysis indicates that the larger the proportion of asymptomatic infections, the greater the impact of intervention effectiveness ( Fig. 4 and supplementary materials) .
To evaluate the impact of uncertainty around epidemiological parameters on predicted outcomes, we analyzed the sensitivity and elasticity of intervention effectiveness to variation in epidemiological parameters (Fig. 4) . Unsurprisingly, we find that lower transmissibility at funerals (w) reduces the effectiveness of the funeral-based interventions (Fig. 4 and supplementary materials) . More generally, the effectiveness of an intervention that reduces transmission to health care workers and increases sanitary burial of hospital cases is most sensitive and elastic to the incubation period (1/a), the durations from symptom onset to death (1/g DG ), and recovery (1/g RG ) (Fig. 4A) . In contrast, when the intervention scenario focuses on community transmission alone, there is less sensitivity to these parameters (Fig. 4, B and C) .
Also to be considered is the impact of feasibility, human behavior, and likely adherence to recommendations (27) on the effectiveness of intervention strategies when making policy recommendations. As the epidemic unfolds, funeral attendance and traditional burial practices may decline with increased awareness of the disease, facilitating the enforcement of sanitary burial practices. In contrast, other behavior changes may hinder intervention efforts. For example, contact-tracing has recently become more challenging because of relocation of contacts from urban to rural communities (28) . Additionally, case isolation outside of Monrovia is hampered by the scarcity of ambulances for prompt referral to Ebola-specific treatment centers (29) . Similarly, the implementation of hospital-based interventions will depend on treatment center capacity and admission rates, in that an insufficient number of beds and low admission rates reduce the effectiveness of hospital-based interventions (Fig. 4, A and C ). Because our model does not explicitly account for hospital capacity, our predicted outcomes regarding hospital-based interventions may be optimistic, further underscoring the importance of combining hospitalbased interventions with contact-tracing and quarantine. Additionally, we stress the protection of health care workers as an essential component for maintaining the medical infrastructure and for implementing any response strategy. Although recent cumulative case data over October 2014 from Liberia suggest that the exponential growth that has characterized the epidemic for both communities and health care workers may be slowing down (30) , it is too early to tell whether this apparent reduction in the effective reproductive number is a result of control measures initiated toward the end of September.
Although our predictions concur with an analysis of the 1995 Democratic Republic of Congo and 2000 Uganda outbreaks, suggesting that funeral transmission is an important driver of Ebola transmission (20) , our study also reveals that at this point in the current Liberian outbreak, sanitary burial alone is insufficient to swiftly contain disease spread, unlike for past Ebola outbreaks. Other models assess countrywide intervention effectiveness (16, 31) but do not explicitly parse the specific intervention strategies that are effective in particular settings. In contrast, our model has the complexity to demonstrate that a combination of case isolation in the hospital settings, contact-tracing in the community, and sanitary burials must be implemented to achieve a pronounced likelihood of controlling the outbreak over the next 6 months.
Until very recently, Ebola has been extremely neglected. Consequently, scarcity of data on both previous outbreaks and on the current outbreak limits the complexity of models that can be reasonably parameterized. In particular, there are no epidemiological data available with which to parameterize a spatially explicit model of Ebola transmission. Such data would be useful for predicting not only the scale of interventions required but also the geographical areas on which to focus control efforts and preparedness strategies.
Ebola poses an urgent threat not only to West Africa but also to the international community. The most effective approach to both limiting international spread of Ebola and minimizing local death toll is to control the disease at its source. We find that only a concerted suite of targeted nonpharmaceutical interventions has the potential to curtail the outbreak over the next few months. In the absence of immediate and effective multifaceted action, our predictions suggest that hundreds of new infections will be arising daily by early December in Liberia alone. The implementation of effective interventions needed to reverse the growth of the Ebola outbreak in impoverished West African countries will be logistically challenging even with substantial international aid, but impossible without it.
